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GENERAL CONSIDERATIONS
All chemicals were obtained from commercial sources (Aldrich, Fisher, Fluorochem, and VWR) and used without further purification. Air and moisture sensitive manipulations were performed using standard Schlenk line techniques. Anhydrous solvents were dried passing them through columns of molecular sieves in a solvent purification system. Column chromatography and TLC were performed on silica gel (Kieselgel 60), using UV light and phosphomolybdic acid, KMnO4, or Ce(SO4)2 dip to visualise the products. NMR spectra were measured on Bruker AVANCE 400 spectrometers ( 1 H: 400 MHz, 13 C: 101 MHz, 19 F: 377 MHz, 31 P: 101 MHz) at 20 C unless stated otherwise. The chemical shifts (δ) are given in ppm relatively to a tetramethylsilane standard or the residual solvent signal. The multiplicity is given in br, s, d, t, q, sept, and m for broad, singlet, doublet, triplet, quartet, septet, and multiplet. Mass spectra (MS) were recorded on a Micromass Autospec Premier, Micromass LCT Premier or a VG Platform II spectrometer using EI or ESI techniques at the Mass Spectroscopy Service of Imperial College London. Infrared spectra were recorded using a Perkin Elmer 100 series FT-IR spectrometer, equipped with a beam-condensing accessory, and samples were sandwiched between diamond compressor cells. Melting points (uncorrected) were determined on an Electrothermal Gallenhamp apparatus. Single crystal X-ray diffraction were collected using Agilent Xcalibur PX Ultra A and Xcalibur 3 E diffractometers, and the structures were refined using the SHELXTL, and SHELX-2013 ImPy Anis , 7 ImPy Ad , 7 and ImPy Dipp 8 were prepared following the procedures reported in the literature. 1-Azido-4-nitrobenzene, 9 3-azido-3-nitrobenzene, 9 4-azidobenzonitrile, 10 1-azido-4-(trifluoromethyl)benzene, 11 ethyl 4-azidobenzoate, 12 4-azidoacetophenone, 13 4-azido-7-nitrobenzo[c] [1, 2, 5] oxadiazole, 14 tosylazide, 15 4-azidopyridine, 16 and methyl 3-azidothiophene-2-carboxylate 17 were prepared following the procedures reported in the literature.
PREPARATION OF COPPER(I) COMPLEXES General procedure for the preparation of [Cu(DAB R )2]BF4:
[Cu(NCMe)4]BF4 (1 equiv) and DAB R (2 equiv) were suspended in dry, degassed DCM under a N2 atmosphere and stirred at room temperature for 16 h. The reaction mixture was then filtered through celite and concentrated to ∼one third of the original volume under reduced pressure, followed by the addition of petroleum ether. The formed precipitate was collected, washed with petroleum ether, and dried under reduced pressure to give the expected [Cu(DAB R )2]BF4 complex. The initial diffraction images for crystals of 3 showed slightly streaky spots, but the elongated tails of the spots were of substantially lower intensity than the main peaks so this was not expected to be a major issue. The spots indexed well to a monoclinic unit cell with a sensible volume (though with a beta angle quite close to 90°), and so a 0.84 Å resolution unique monoclinic data set was collected. The data collection ran for ca. 89 hours, but gave a weaker than expected data set with a mean I/σ of ca. 5.4. Close inspection of reciprocal space plots showed the data set to be badly twinned, with the initial indexing using only ca. 52% of the observed spots. Unfortunately, despite numerous efforts no attempts at modelling the twinning gave any noticeable improvement over the standard, non-twin, data processing. These efforts included investigating the possibility of the near 90° beta angle causing the data set to emulate orthorhombic symmetry. The best that could be achieved was to process the data using every available crystal movement option (moderate and significant wobbling, as well as sudden discontinuous changes of sample orientation) despite no evidence that the crystal in any way moved independently of the goniometer. This "best", however, is still very poor with R1 in excess of 0.20 and wR2 more than 0.50 in the final refinement. Numerous syntheses and recrystallisations were tried over a ca. 4 year period to get a better structure, with four samples reaching a diffractometer though only two complete data sets were collected. The results presented here are the best we were able to obtain. Despite the evident issues, the structure derived from this data clearly reveals the nature of the complex to be a CuL2 species, and so we feel that it still has some worth. The structure contains two independent copper cations (3-A and 3-B), two independent BF4 anions, and two independent included dichloromethane solvent molecules. The N9B-based dimethylamido group in complex 3-B, the B20-based tetrafluoroborate anion, and the C50-based included dichloromethane solvent molecule were all found to be disordered, and in each case, two orientations were identified, of ca. 85:15, 55:45 and 76:24% occupancy respectively. The geometries of each pair of orientations were optimised, the thermal parameters of adjacent atoms were restrained to be similar, and only the non-hydrogen atoms of the major occupancy orientations were refined anisotropically (those of the minor occupancy orientations were refined isotropically).
Bis(N,N'-bis(3,4,5-trimethoxyphenyl)-1,4-diazabuta-1,3-diene)copper(I) tetrafluoroborate

X-Ray crystal structure of (7)
Crystal data for 7: C32H40CuN4·CF3O3S·0.5(CH2Cl2), M = 735.75, monoclinic, P21/n (no. 14), a The triflate anion and the included dichloromethane solvent molecule in the structure of 7 were both found to be disordered, the latter across a centre of symmetry. For the triflate anion two orientations were identified of ca. 91 and 9% occupancy, whilst for the dichloromethane solvent molecule two unique orientations of ca. 42 and 8% were identified (with the action of the inversion centre generating two further orientations of the same occupancies). The geometries each pair of orientations were optimised, the thermal parameters of adjacent atoms were restrained to be similar, and only the non-hydrogen atoms of the major occupancy orientations were refined anisotropically (those of the minor occupancy orientations were refined isotropically). The S50-based triflate anion in the structure of 8 was found to be disordered. Two orientations were identified of ca. 75 and 25% occupancy, their geometries were optimised, the thermal parameters of adjacent atoms were restrained to be similar, and only the atoms of the major occupancy orientation were refined anisotropically (those of the minor occupancy orientation were refined isotropically).
X-Ray crystal structure of (8)
Crystal
REDUCTION OF AZIDES
General procedure: In a microwave vial azide (0.5 mmol) and [Cu(DAB DMA )2]BF4 3 (37 mg, 10 mol%) were suspended in a microwave vial in toluene (0.33 mL) and water (0.66 mL) and sealed using a crimped cap. This mixture was heated to 100 C for 20 h before being cooled and filtered through celite and washed with EtOAc. The organic filtrate was washed with saturated, aqueous Na4EDTA (3×10 mL), dried over Na2SO4, filtered, and concentrated under reduced pressure. Reported yields are isolated yields, and are the average of at least two independent runs.
4-Nitroaniline (1a):
Following the general procedure, from 1-azido-4-nitrobenzene (82 mg, 0.5 mmol), 1a was isolated as a brown solid (60 mg, 89%) after purification by column chromatography (silica, petroleum ether/EtOAc = 1:2, Rf = 0.3).
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Spectroscopic data were consistent with previously reported data for this compound. 
3-Nitroaniline (1b):
Following the general procedure from 3-azido-3-nitrobenzene (72 mg, 0.5 mmol), 1b was isolated as a brown solid (55 mg, 91%) without further purification necessary. Spectroscopic data were consistent with previously reported data for this compound. 
4-Aminobenzonitrile (1c):
Following the general procedure from 4-azidobenzonitrile (82 mg, 0.5 mmol), 1c was isolated as a light brown solid (45 mg, 65%) after purification by column chromatography (silica, petroleum ether/EtOAc = 1:2, Rf = 0.2). Spectroscopic data were consistent with previously reported data for this compound. 
4-(Trifluoromethyl)aniline (1d):
Following the general procedure from 1-azido-4-(trifluoromethyl)benzene (94 mg, 0.5 mmol), 1d was isolated as a black oil (54 mg, 64%) after purification by column chromatography (silica, petroleum ether/EtOAc = 1:2, Rf = 0.6). Spectroscopic data were consistent with previously reported data for this compound. 
Ethyl 4-aminobenzoate (1e):
Following the general procedure from ethyl 4-azidobenzoate (89 mg, 0.5 mmol) 1e was isolated as a yellow solid (68 mg, 89%) after purification by column chromatography (silica, petroleum ether/EtOAc = 1:2, Rf = 0.5). Spectroscopic data were consistent with previously reported data for this compound. 
4-Aminoacetophenone (1f):
Following the general procedure from 4-azidoacetophenone (81 mg, 0.5 mmol), 1f was isolated as an orange solid (53 mg, 78%) after purification by column chromatography (silica, petroleum ether/EtOAc = 1:1, Rf = 0.3). Spectroscopic data were consistent with previously reported data for this compound. 
4-Aminopyridine (1i):
Following the general procedure from 4-azidopyridine (60 mg, 0.5 mmol), 1i was isolated as a red oil (22 mg, 45%) after purification by column chromatography (silica, petroleum ether/EtOAc/NEt3 = 1:2:0.02, Rf = 0.3). Spectroscopic data were consistent with previously reported data for this compound. 
Methyl-3-azidothiophene-2-carboxylate (1j):
Following the general procedure from methyl 3-azidothiophene-2-carboxylate (81 mg, 0.5 mmol), 1j was isolated as a yellow solid (31 mg, 69%) after purification by column chromatography (silica, petroleum ether/EtOAc = 5:1 Rf = 0.4). Spectroscopic data were consistent with previously reported data for this compound. 
COMPUTATIONAL DATA
All calculations were carried out with the Gaussian09 program package 28 using the methods of the Density functional Theory (DFT). The selected functional was BP86 29 with empirical dispersion correction of Grimme (BP86-D3). 30 The selected basis set was 6-31G(d) for C, N, O and H, 31 and SDD for Cu with the corresponding electron core potentials. 32 The validity of the description was confirmed by benchmarking with a variety of functionals, see Table S4 . Solvent effects were considered with the use of a continuum model, namely SMD. 33 We considered water as computational solvent because reaction in water gives higher yields than in toluene, although experimentally toluene/water (1:1) or (1:2) mixtures give better results. Optimizations of all species presented were carried out in solution without symmetry restrictions. We confirmed the nature of all computed stationary points as minima or transition states through vibrational S10 frequency calculations. Systematic conformation analyses were carried out for all steps and therefore only results with the most stable conformers are discussed. Free energy corrections were initially calculated at 298.15 K and 105 Pa pressure, including zero point energy corrections (ZPE). Frequencies were later re-evaluated with the GoodVibes 34 program changing the temperature to 373.15 K and the reference state to 1M. Grimme's correction for low frequency modes 35 (below 100 cm -1 ) was applied to all species. Minimum energy crossing points (MECP) were computed with the program supplied by Harvey. 36 Reported MECP free energies correspond to an average of those for the two intervening states. A summary of the computational results, including the full reaction cycle (Scheme S.1) and the obtained potential and free energies are given in 
